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ABSTRACT

Optical correlation is based on the comparison of contours between an unknown target image and a known
reference image. However, it does not usually include the color image information in the decision making
process. In order to render the correlation method sensitive to color change, we propose a general method based
on the decomposition of the target image in its three color components using, either the normalized RGB (red,
green, blue) color space, or the normalized HSV (hue, saturation, value) space. Then, the correlation operation is
carried out for each color component and the results are merged in order to make a decision. The aforementioned
steps can alleviate some of the problems associated with illumination changes in the target image but do utilize
color information of the target image. To overcome these problems, we propose to convert the color information
in contour information into a signature corresponding to the color information of the target image. This
technique and test results are presented to validate its effectiveness. The preliminary results obtained with this
technique are encouraging.

Keywords: correlation, VLC correlator, POF filter, composite filter, segmented composite filter, color pattern
recognition, face recognition.

1. INTRODUCTION

In the context of pattern recognition, there have been great efforts to develop architectures and applications over
the past decades. Optical and numerical architectures were proposed to deal with this issue. In this work, we
shall consider more specifically the former ones. An optical correlator (OC) is a device for comparing a target
image (image to be recognized) with a reference image of a database. Among the many OC proposed in the
literature, the joint transform correlator (JTC) [1] and the VanderLugt correlator (VLC) [2] have engendered
considerable interest. The latter was selected for studying the sensitivity of OC to color change of target images.
The vast majority of studies dealing with VVLC dealt with the fabrication of correlation filters [2], e.g. phase-only
filters (POF) [3], amplitude modulated POF (AMPOF) [4]. While POF and AMPOF have a high discrimination
capability compared to the standard adapted filter and is adapted for edge detection, they cannot deal with the
color information of the target image. Additionally, AMPOF is characterized by a low robustness against
changes (rotation, scale) of the reference image. It is worth mentioning that Iftekharuddin et al. [5] have
suggested an optimized version of OC to deal with rotation. Other types of filters were proposed to increase the
performances of the VLC, e.g. MACH [6], MACE [7], and composite [8]. The latter was shown to have a good
compromise between discrimination and robustness, decreasing the number of correlations to make a reliable
decision. An optimized version of such filter was recently proposed by Alfalou et al. [9] allowing them to
significantly increase the number of references to be merged in such filter. However, the main drawback of this
solution is to generate isolated pixels which yield to low overall performances of this kind of filter. Next, Al
Falou and Brosseau [10] have proposed a new type of optimized composite filter, i.e. the ASPOF. These authors
found useful to introduce a new segmentation criterion to characterize the correlation plane of this filter. Each of
the stages has various parameters that must be optimized in order to increase the robustness and discriminating
ability while increasing the number of reference images contained in the filter. However, all these filters are not
adapted to deal with the color image information.



Of particular interest has been the correlation between color images. For that purpose, Alam et al. [11-
13] suggested to use an adaptation of the JTC. Recently, we have also proposed to use a segmented composite
filter to deal with this issue [14]. However, this method has a low discrimination capability and is very sensitive
to color change of target images. Here, we show that a numerical approach is well adapted to accomplish our
correlation purpose. Generally speaking, numerical methods allow increasing the performances of OC, e.g.
independent component analysis (ICA) method for image encryption [15] and face recognition [16].

OC is based on the comparison of contours between an unknown target image and a known reference
image. However, it does not include the color image information in the decision making process. To overcome
this problem, we propose to convert the color information in contour information into a signature corresponding
to the color information of the target image. A numerical preprocessing based on a new coding of the color
images is suggested. Each color will be assigned a specific pattern according its intensity. Two color spaces will
be considered, i.e. RGB and HSV (hue, saturation, value). This technique and test results are presented to
validate its effectiveness. The preliminary results obtained with this technique are encouraging.

2. COLOR RECOGNITION METHOD

We begin by recalling the principle of the color correlation-based technique proposed in a previous work [14].
Next, we suggest improving this technique by considering the normalized RGB and HSV color spaces. Fig. 1
illustrates the principle of this method. The RGB or HSV decomposition of the target image was first realized,
e.g. Fig. 1 illustrates the case of the RGB decomposition. Each component of the target image is introduced in
the VLCs (Fig. 1). Each correlator utilizes a filter which depends of the input component. A correlation plane for
each component is obtained at the output of the VLCs. Then, the decision is made.
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Fig. 1. Hlustrating the principle of color recognition method.

The first tests using a POF and the two color spaces indicate that this method is not effective for OC of color
images since it remains too sensitive to the illumination changes in the target image with respect to the reference
image. In addition, we noted that it leads to discrimination performances. To overcome these problems, the
following normalized color spaces were used
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where H,,.., Syom and V., are the normalized versions of H, sandV (same notation for RGB). We found that the

correlation results obtained with the RGB color space remained sensitive to illumination conditions. This can
strongly impact the decisions, especially if these conditions differ strongly between the target and reference



images. In contrast, a lower sensitivity to illumination conditions is obtained when the HSV\, color space is
used. This is illustrated in Fig. 2. Fig. 2 (a) shows the correlation planes of the target image with three correlation
filters fabricated with a reference image which is identical to the target image. In every case a narrow correlation
peak can be observed which is consistent to what we expect with the use of a POF. Correlation results using the
HSVynorm Color space are shown in Fig. 2 (b) when the illumination conditions of the target and reference images
are different. As can be seen, the correlation peaks are strongly noised. Unfortunately, we also found that the
discrimination capability is low when there is a color change in the target image with respect to the reference
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Fig. 2. Correlation results between two (a) identical images, and (b) identical images with different illumination
conditions.

3. METHOD

Here we report a new correlation-based method which is highly discriminating against color changes of target
images. For this purpose, red spots with different surface areas were added to the face color image displayed in

Fig. 3 (a). The results are illustrated in Fig. 3 (b)-(e).

(a) (b) (c) (d) (e)

Fig. 3. The database employed in this study.



The implementation of the procedure is as follows. The RGB or HSV decomposition of the target image is first
realized. Then, each pixel is converted in contour according a specific signature, i.e. a pattern selected in a base
(Fig. 4), which depends of the color intensity of the pixel and the color space. Two requirements of the method
need to be emphasized: (1) each change of color should be related to a given pattern even for small spots, and (2)
a great variety of patterns should be used in order to minimize shape correlation. Fig. 4 shows the base of 26
patterns used in this study. Three palettes, one per component, were considered, e.g. Fig. 5 shows an example for
the red color.
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Fig. 4. Base of the 26 patterns.

It is worth mentioning that the choice of the color palettes is important since it will impact the discrimination
capability of the method.

[255-223]
[222-209]
[20-0]

Fig. 5. An example of color palette for red color.

Many color palettes were tested. Those which were used in this study are:

R: [0,0.156] ; [0.16,0.313] ; [0.317,0.372] ; [0.376,0.627] ; [0.631,0.690] ; [0.694,0.815] ; [0.819,0870] ; [0.874, 1].
V: [0,0.125] ; [0.129,0.313] ; [0.317,0.435] ; [0.439,0.564] ; [0.568,0.690] ; [0.694, 0.815] ; [0.819,0.931] ; [0.941,1].
B: [0,0.125] ; [0.129,0.372] ; [0.376,0.627] ; [0.631,0.874] ; [0.878,1]. Once the color palettes are specified, the
correspondance with patterns can be done. We employed large patterns, i.e. 16 x 16 pixels. Fig. 6 illustrates such
coding protocol. Fig. 6 (a) shows the target image with 3 red spots without coding; Fig. 6 (b) shows its red
component which is coded with a 8-level palette; Fig. 6 (c) presents its green component which is coded with a
8-level palette, and Fig. 6 (d) shows its blue component with a 5-level palette.

(c)

Fig. 6. An example of color coding.

Once the coding of the images is performed, they are ready for correlation according the scheme displayed in
Fig. 1. Correlation results are presented in Fig. 7. Autocorrelation of the face shown in the left column, first row
with itself is shown in the correlation plane of the right column, first row of Fig. (a). Similarly, the planes
obtained by correlating the other images and the face shown in the first column, first row are illustrated in Fig. 7
(b)-(d). To determine the degree of similarity between the target and reference images, we used the peak-to-
correlation energy (PCE) efficiency criterion [2].



PCE=0,990697

(b)

PCE=0,945667

(c)

PCE=0,00114047

(d)

PCE=0,000257575

Fig. 7. Correlation results obtained with our color coding.

Fig. 7 illustrates the good discriminating power of the technique. A significant decrease of the PCE values is
observed when comparing Fig. 7 (a) and Fig. 7 (b) even if the red spot has a small extent. What is noticeable is



that no peak can be observed when correlating the images displayed in the left column, third row (Fig. 7 (c)) and
fourth row (Fig. 7 (d)), with the reference (Fig. 7 (a)).

4. CONCLUSION

In summary, we have investigated a correlation-based technique of color images with the purpose of decreasing
its sensitivity to the illumination conditions of the target image with respect to the reference image. This issue
can be addressed by using the normalized HSV color space. Our preliminary results are encouraging since they
allowed us to discriminate between two images having the same pattern but differing with a color variation over
a small surface compared to the image size. This has been made possible by converting the color information in
contour information with a signature corresponding to the color information in the target.
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